We present a theoretical analysis of both static and small-signal electron transport in Hg 0.8 Cd 0.2 Te in order to study the high-frequency behaviour of this material usually employed for infrared detection. Firstly we simulate static conditions by using a Monte Carlo simulation in order to extract transport parameters. Then, an analytical method based on hydrodynamic equations is used to perform the small-signal study by modelling the high-frequency differential mobility. This approach allows a full study of the frequency response for arbitrary electric fields starting only from static parameters and to overcome technical problems of direct Monte Carlo simulations.
Introduction
Infrared photodetection represents a physical mechanism of interest due to a huge number of strategical applications. In this domain, mercury-cadmium-telluride is a widely used material since it exhibits technological and electronic properties which allow its use for the whole infrared range of photodetection [1] and for multispectral applications. The tuning of the photodetected wavelengths is made through the cadmium proportion. Our work concerns Hg 0.8 Cd 0.2 Te at 77 K, which allows photodetection in the 8-14 µm atmospheric window. Its narrow band gap of about 100 meV implies physical effects such as non-ohmic behaviour, degeneracy and impact ionization processes at low electric fields [2] .
On the other hand, the omnipresence of microwaves leads to the necessity of protecting electron devices by shields or other appropriate methods. If this task is generally possible in the case of standard devices, photodetectors cannot be easily screened from incoming radiation. As a consequence, an accurate modelling of the system response to a high frequency incoming electric field is necessary.
Static analysis
First of all, we investigate electron transport in the static regime using a Monte Carlo simulator which takes into account ionized impurities scattering, two modes of optical phonons and alloy scattering. We neglect impact ionization processes: since their characteristic time is much larger than other collision processes, they have negligible effects on the distribution function.
The calculated electron drift velocity and average energy have been reported as functions of the electric field in figure 1 . The non-linearity of the velocity and the increasing energy above 50 V cm −1 emphasizes that non-equilibrium transport appears for very weak electric fields.
Small-signal analysis
The Monte Carlo simulation of small-signal conditions involves technical difficulties due to the inherent statistical noise. An alternative solution is to use an analytical approach [3] which has shown its efficiency for various materials, such as silicon or GaAs [4] . It is based on the linear response theory, from which the high-frequency mobility can be expressed by a Fourier transform of the velocity response function K(s) obtained with an hydrodynamic framework. The theoretical model [4] describes the relaxation of both velocity and energy through the so-called relaxation matrix given by
where ν v is the velocity phenomenological relaxation rate, µ v the mobility, µ v the differential mobility, µ the average energy derivation with the electric field and E the electric field. The behaviour of the velocity response function depends then on the eigenvalues of the matrix . If they are real (ν − and ν + ) K(s) contains only a combination of exponential decays (determined by ν − and ν + ), while if they are complex conjugate (with real part ν R and imaginary part ω 0 ) K(s) contains an oscillatory contribution. The corresponding expressions for the differential mobility as functions of the pulsation ω are
if the eigenvalues are real, and
if they are complex conjugates. The quantities K − , K + and A are given explicitly in [4] .
Results
The input parameters are the electron drift velocity, the average electron energy and the electron effective mass m, taken as a constant m = 0.007.
We have plotted in figure 2 (a) the phenomenological relaxation rates of velocity and energy. We remark that they increase as functions of the applied electric field due to the increase in the scattering rates with the applied electric field. Figure 2 (a) also presents the generalized relaxation rates, which correspond to the matrix eigenvalues. For high electric fields (above 570 V cm −1 ), these quantities are real, and we can identify a generalized velocity relaxation rate ν + and a generalized energy relaxation rate ν − . For electric fields below this threshold, the eigenvalues are complex and the previous distinction is no longer possible. As a matter of fact, velocity and energy relaxations are strongly coupled in this region. A complex value for the generalized relaxation rates always indicates some kind of ordering in the system. In our case, this order is established by the joint action of the electric field and the emission of polar optical phonons.
The frequency-dependent differential mobility has been reported in figure 2(b) for an electric field of 400 V cm −1 . The shape is distorted with respect to the standard Lorentzian behaviour and a bump appears around 100 GHz. This bump describes the correlation between the velocity and energy relaxation processes: it is related to the generalized relaxation rates which are complex conjugates, and then to an oscillating contribution in the velocity response function.
Conclusions
We have performed an investigation of both static and high-frequency regimes in Hg 0.8 Cd 0. 2 Te. An analytical approach, based on the hydrodynamic equations allowing the frequency-dependent differential mobility to be modeled, has been introduced. The advantages of this method are the following: firstly, the calculation time is much shorter compared to the microscopic simulation. Then, it is possible to analyse the small-signal response for a large range of frequencies and electric fields starting from the knowledge of the static parameters. Finally, this method allows us to link the analytical terms to microscopic features of carrier dynamics.
